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STABILIZATION AND MODIFICATION OF
PAVEME NT COMPON ENTS
Ara Arman

Pavemen t Design Considera tions
n the design of pavements, the engineer is often faced with making
two critical decisions: whether to use rigid or flexible pavements and
how to treat the existing subgrade to assure the long-term integrity of
the constructed system under the destructive forces of man and nature.
Rigid pavements are designed in strength and thickness so that stresses
induced by traffic loads are distributed over a wide area, therefore at a
highly reduced unit stress levels, under the pavement. The main component of a rigid pavement system is the pavement surface, which is
made ofportland cement concrete.

I

Flexible pavements, on the other hand, are
designed to distribute the traffic loads at
gradually reduced intensities to the lower
layers of the pavement structure where
diminishing levels of stresses are carried and
transmitted to the next lower layer until the
stress levels and deflections are reduced to a
level tolerable by the natural subgrade.
In a flexible system, the various
components of the pavement structure, such as
the base and the subbase, deflect and carry a
higher proportion ofloads imposed upon them.
In the case of the rigid pavements, the
principal portion of the stress is carried by the rigid component of the
pavement; for example, a traffic stress of 125 psi applied over a concrete
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pavement about 8-inches thick may be distributed so that the stress
under that pavement is reduced to only 4 psi.
It may then appear that a concrete pavement may be placed over a
subgrade, for example, capable of carrying 4 psi without any need for substantial subgrade improvement. Following the same logic, it may also
appear that flexible pavement systems require higher levels of subgrade
preparation and improvement.

In this paper we will briefly examine these issues, and we will discuss
pavement system improvements using soil stabilization.
Rigid pavement systems, often referred to as "concrete pavements,"
theoretically do not require a highly improved base or subbase as far as
stress distribution is concerned. However, there are operational and
construction requirements that necessitate the improvement of various
layers of a pavement under concrete.
There are basic construction requirements for producing a quality
riding surface when using concrete for paving. It is necessary to begin the
construction with a foundation that can be smoothly graded to an elevation coinciding with the bottom of the concrete slab. This foundation
should be of such strength and durability that it can support heavy
construction equipment and the paving train that may travel over steel
forms placed over the subgrade to shape the concrete slab. Thus, the
construction of a rigid pavement requires the presence of a stable
foundation.
Once a rigid pavement is constructed and placed into operation, the
concrete slab is subjected to various forces that may be damaging. For
example, expansion and contraction caused by temperature changes not
only induce thermal stresses within the pavement slab, but the continued
linear dimensional changes of the pavement over its foundation has a
"sand paper" effect on some foundation materials; that is, if the foundation under a slab is not stable (i.e., natural soil), repeated expansion and
contraction will result in loosening unbound fine soil particles at the pavement-foundation interface. This is particularly critical when the material
under the concrete pavement contains 40 percent or higher soil particles
smaller than No. 200 sieve. This is not harmful until pavement joints
open and cracks develop, allowing for water to communicate with the
foundation or groundwater entering the foundation to communicate with
the surfaca. In the presence of loose fine particles, which can easily be
carried away by water when heavy traffic loads are applied to a portion of
the pavement, the fines are carried to the surface through cracks and
poorly maintained joints, thus eventually undermining a portion of the
foundation under a slab. This action is often referred to as "pumping."
The result of "pumping" is deterioration of a concrete slab. This effect
may partially be overcome by well-executed joint and crack maintenance,
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and it can be prevented by using improved bases and subbases under
concrete pavement slabs.
In contrast to rigid pavements, flexible pavement systems (often
referred to as "asphalt pavements") are designed to transfer loads in
decreasing intensities from the upper to lower components of the
pavement structures to the subgrade. Therefore, in addition to requiring
the need for foundation materials for flexible pavements capable of
resisting such natural actions as freezing and thawing, wetting and
drying, there is also a need to provide a system where materials in a
flexible pavement system develop strength. Therefore, in the design and
construction of all types of pavement systems, it is a requiremen t to have
foundations , bases, subbases, and improved subgrades to support the
loads and to resist the elements and their secondary effects. Some of the
more common methods that are used to provide stable foundations or
stable pavement systems (bases and subbases) are constructin g compacted, crushed stone or graded gravel, bituminous hot mix, chemically
stabilized (cement or lime) bases, and subbases.
The balance of this discussion will be limited to the use of chemical
stabilization , bases soil cement and/or lime, for the improveme nt of bases
and subbases.

Stabilizat ion of Pavemen t Compone nts
It is perhaps important at this stage of the discussion to generically
define "stabilizatio n." Stabilizatio n is the strength hardening of soils by
chemical and mechanical means to enable them to resist the destructive
actions of man and nature. Stabilizatio n differs from soil modification or
treatment. When soils are chemically treated or modified by the addition
of chemicals (portland cement or lime), only selected properties are
modified to meet certain needs, and modified soils do not necessarily
meet all the requiremen ts imposed upon components of a pavement
system. For instance, low percentages ofportland cement may be added
to low plasticity soils to render them stable under construction equipment
or to develop a working table; or, lime may be added to a high plasticity
clay (<20) to reduce its tendency to swell or to reduce its plasticity to
render it workable. However, neither of these modification procedures
would be sufficient to develop the strength and durability needed for the
principal components of a pavement.
The most c.ommonly used chemicals for stabilization and/or
modification of soils are portland cement (SiOa, CaO, AhOa; Fe2Oa) and
lime (CaO or Ca(OH)2.) The choice between portland cement or lime for
stabilization or modification purposes depends on the desired end product
and the inherent properties of soils. Both portland cement and lime are
produced by calcining limestone at high temperatur es
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Both of these products work because certain clays have pozzolanic
properties which enable them, in the presence of Ca+ + and water in a
given media to form a natural cement.
In the case of portland cement, pozzolanic clays are added to lime
during their production, thus, it simply requires the addition of water to
form a cementitious gel (tobermorite) capable of hardening within a short
period of time as a strong and durable matrix. In the production oflime,
the process is ended either by the production of CaO, quicklime, or
Ca(OH)2, hydrated lime. The soil stabilization process, when lime is used,
depends on the availability of pozzolanic clays in the soil to be stabilized
for development of cementing gel.
In the use of either material for stabilization, it is of utmost
importance that cement, or lime and water mixture, be intimately and
uniformly mixed with pulverized soils.
In the presence of water, portland cement starts an intense reaction
towards forming the tobermorite gel. The initial setting period of most
portland cement-water mixtures is approximately two hours. Therefore,
soils to be stabilized have to be mixed uniformly and thoroughly and
compacted within this period prior to the setting or hardening of the
cementitious paste. Field experience and research have shown that soils
with plasticity indexes of about 18 or higher cannot be easily pulverized
(particularly in the presence of moisture) during construction to obtain a
uniformly and thoroughly mixed material. Additionally, it has been
shown that when soil-cement water mixtures are manipulated beyond the
initial setting time of the cement paste (2-6 hours), strength losses as
great as 60 percent and density losses as high as 20 percent may occur.

Where conditions permit, the negative effects of delayed compaction
can be reduced by increasing the compactive effort (i.e., modified).
Central mixing plants also can be used on large projects to allow for the
uniform pulverization and mixing of soil-cement and water. In either
case, the period between mixing and compaction should be limited to 2 to
4 hours. The plasticity of soils to be stabilized with portland cement
should be no higher than 20.
Shrinkage cracking of cement stabilized bases and subbases at times
is seen as a drawback to cement stabilization of soils; however, a properly
designed and constructed mixture should not develop excessive cracking.
It has been demonstrated that by maintaining the saturation of a soilcement mix at or slightly below 80 percent may minimize shrinkage
cracking. It also must be noted that the cement content of the soil should
be that required to obtain the desired results (strength and durability)
only. Unnecessarily high cement contents will result in developing
excessive shrinkage cracks.
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The design of soil-cement mixtures are performed on the basis of
required strength and durability (freeze-thaw, wetting and drying).
Cement contents used for stabilization of bases and subbases vary from 6
percent to 14 percent by volume. In addition to resistance to freezing and
thawing or wetting and drying, seven day compressive strengths of200 to
300 psi and 28-day compressive strengths of 600 to 800 psi can be
developed.
In the design of flexible pavements using the AASHTO formula, a
pavement coefficient of about 0.15 to 0.20 is assigned for bases and
0.10-0.12 for subbases, depending on the type of material being
stabilized. In the design ofrigid pavements, subgrade "K" values of 250 to
450 can be reached for 6" into 12" thick bases. CBR values in the range of
50 and above may easily be obtained after stabilization of soils with
portland cement.
Three basic chemical reactions take place when pozzolanic clays and
lime are mixed: 1) ion exchange and flocculation, 2) cementation
(pozzolanic), and 3) carbonation. The initial reaction between lime and
soil results from the replacement ofuni~alent sodium (Na+) and (H+)
hydrogen ions of soils with divalent calcium (Ca++) ions of lime. This
exchange binds clay particles, resulting in reduction of clay content and a
drastic reduction in soil plasticity. This convenient reaction is used by the
engineer to reduce the plasticity of highly clayey soils to manageable
levels for compaction, manipulation, or stabilization with other chemicals, such as portland cement. This procedure is often referred to as
modification of soils with lime. Lime contents of 3 percent to 18 percent
by volume are used to reduce the plasticity of clays. It is not unusual to
reduce the plasticity of a 50 PI soil to 15 by adding lime. This reaction
usually takes place within 96 hours after mixing soil with lime. Since the
reaction between soil and lime is a harsh one and since lime has a strong
affinity for water, wet saturated soils of high plasticity can be crudely
mixed with lime using very light equipment (i.e., farm discs pulled by
light tractors) or by hand, without concern for uniformity or intimate
mixing. The reaction breaks down the clay lumps by drawing water from
the clay, resulting in a soil that will be drier and will contain fewer clays
than the original material.
Agglomeration reaction oflime and soil also is used to destroy the
collapse characteristics of collapsible silts. Approximately 6 percent to
9 percent by volume lime mixed with a collapsible silt destroys the clay
buttresses between silt particles and renders the soil stable after a period
of about 72 hours.
Swell potential of soils can be drastically reduced by modifying them
with 6 percent to 12 percent by volume lime. Swell potentials of 7 percent
to 8 percent can be reduced to 0.1 percent to 0.2 percent by the addition of
lime.
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A second basic reaction between lime and soil that takes place is the
pozzolanic or cementation reaction. When SiO2 and AbOa, Fe2O3 react
with the available calcium in the lime, they produce very stable calcium
silicates and aluminates which act as natural cement (tobermorite gel)
similar to portland cement. This is a time-dependent slow reaction.
Because of its cementation capabilities and because lime reduces the
plasticity of soils, soils with high clay contents are stabilized by the use of
lime. Soils with plasticity indices as high as 37 can be stabilized in-situ
by a single application of 9 to 24 percent by volume hydrated or quick
(Ca[OH]2, Ca[OH]2Mg0 or CaO or CaOMgO) lime. Soils with higher
plasticity indices can be stabilized by double application oflime. In the
double-application method, a portion of the total lime necessary to
stabilize the soil is added initially to reduce plasticity, following which
an additional amount oflime is added and uniformly and thoroughly
mixed to obtain cementation and thus stabilization. Production of natural
cements when lime is added depends on the presence ofpozz~lanic clays;
the reaction is slow and produces lower strengths (600 kN/m to 1500
kN/m2) comlared to the strength of soil-cement, which is in the range of
1200 kN/m to 6000 kN/m 2. Soil-lime mixes also possess autogenous
healing properties. The healing effect remains effective for many years
while the pozzolanic reaction continues.
Lime stabilization is used mainly for subbases under flexible pavement and for bases and subbases under rigid pavement systems. The
affinity oflime for water and its capacity to agglomerate clays make it a
suitable additive for soils of high clay content. Laboratory and field
studies, however, have shown that lime can be used with organic soils as
well, organic soils being those found in low-lying or formerly low-lying
areas composed of mixtures of minerals, soils, and decayed vegetation
(usually acidic). Their pH factor may be as low as 5.4. Unless they are
neutralized, organized, organic acids tend to slow down or destroy the
pozzolanic reaction. It has been shown that when lime is added to organic
soils, the initial 6 percent by volume oflime is usually used up in a reaction neutralizing the organic acids. If pozzolanic clays are available in the
organic soil, then additional lime introduced into the soil reacts with it to
produce a stabilized mixture. Soils with organic contents up to 20 percent
by volume can be stabilized with lime provided additional lime is introduced to neutralize the organic acids.
The third reaction, carbonation, is an undesirable one that occurs
when lime is added to soil and does not react with the soil either because
there is a serious lack of pozzolanic clays in the soil or because excessive
lime has been added to the soil. Lime tends to draw CO2 either from the
air or from the soil, producing CaCOa which is a plastic material. Once
lime is carbonated, it will not react readily with pozzolanic soils and will
render soils more plastic. Therefore, when excessive amounts oflime are
added to soil, the results are not beneficial.
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The design of soil-lime mixtures for use in pavement systems varies
worldwide. Commonly used design methods are CBR, flexure testing and
unconfined compression. Plasticity index tests are used to determine
reactivity of soils. Varying percentages of lime are mixed with soil and
the PI of the various mixtures is determined in this test method. The
point at which the soil PI reaches a plateau and before it starts increasing
(because of the percentage ofunreactive lime) is used as the optimum
percentage oflime for modification or stabilization of soils. In cases where
modification of soils is required, a percentage of lime can be selected from
the curve which will produce the desired plasticity index. A method which
has gained acceptance in recent years is the Eades and Grims pH testing
method. Generally speaking, in this procedure, sufficient lime is added to
the soil to produce a pH of 12.4. This amount is used as the optimum lime
content. Neither of the latter two methods provides a measure of strength
or durability; however, they do provide a viable index for the lime content.Wet/dry-f reeze/thaw tests are used to develop durability indices.
Lime is applied either dry or wet. In rural areas where environmental
concerns do not prevent the generation of dust, lime is applied in dry
form either from bags or from bulk transport trucks. In areas where
environmental restrictions are such that generation of dust is ruled
harmful, lime can be added to the soil in a slurry. Slurries are formed in
an approximate mixture of 70 percent water to 30 percent lime. The
latter method, however, is not practical when soils are saturated or lime
is being applied in the wet season. When soils do not contain sufficient
pozzolanic clays to produce the design durability and strength, pozzolanic
additives such as fly ash are used. Quality control of lime is achieved by
monitoring the field density and field moisture content and the distribution of lime within the mix.
When lime stabilization is used for flexible subgrades, subbases or
bases, pavement coefficients of0.10, 0.12 and 0.10 respectively, may be
accomplished.
Both soil-cement and lime stabilization have been used extensively in
the United States for the construction of bases, subbases, embankments
for highways, airports, dams, canals, and other earthen foundations and
structures since the mid-40s. Many of the properly designed and constructed stabilized structures, roads, dams, and others are still in service.
Stabilizeci structures produced by using portland cement or lime appear
to be permanent for the reasonable life of these structures. For example,
many miles ofl-10 through Louisiana, built in the mid-50s over limetreated expansive, high-plasticity clays and those constructed with
soil-cement bases or with lime subbases are still in service. In recent
years, the pavement surfaces of those highways were repaired for the
full rehabilitation of the pavement structure, with no-or only minorrepairs of stabilized bases·on subbases.
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California, Texas, and Louisiana highways have been large volume
portland cement and lime users since the early 40s, and they continue to
do so. The success of stabilization in recent years has led to the development of roller compacted concrete (RCC) for use in dams and roads,
which is a hybrid of concrete and soil-cement stabilization process in
terms of its properties and construction techniques.
Stabilization of pavement components are essential to produce
strength and durability of the pavement system. Where materials
available do not lend themselves to the use of only mechanically stabilized (compacted) pavement components, portland cement and lime
assure the long-term integrity of pavement systems. It must be
emphasized that lime and portland cement are chemicals which when
mixed with water and soil produce similar and very complex chemical
reactions. Therefore, in the design of soil-chemical stabilizer mixes, one
has to be aware of all factors affecting the reaction and the end product.
Many failures have taken place because of lackadaisical design and
construction attitudes, or because of using the wrong stabilizing agent.
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